Polychlorosubtilin (PCS) inhibits the growth of Escheuichia coll. The antibiotic affected neither respiration nor glycolysis while the synthesis of nucleic acids and proteins were feebly hindered.
The following labeled compounds were used: (4,5-3H) lysine monohydrochloride, 82 Ci/m mol; (U-14C) thymidine, 517 mCi/rn mol and (2-14C) uridine, 465 mCi/rn mol; these tagged chemicals were from the Radiochemical Centre, Amersham. The other chemicals were obtained from Sigma Chemical Co., Saint Louis, Mo., U.S.A.
Escherichia coli B was grown in a nutrient broth of the following composition (g/100 ml): peptone, 0.5; NaCl, 0.5; meat extract, 0.15 and yeast extract, 0.15. The bacterial cells were incubated at 30°C and 220 rpm. The incubation was terminated by centrifugation at the mid-logarithmic phase of growth to harvest the bacterial cells. The collected biomass was washed repeatedly with sterile saline solution before being used in the following experiments. PCS was always supplemented to the reaction media to attain the MIC level (12 leg/ml) and the optical density (OD) of the inoculated media was adjusted to 0.1 at 660 nm unless otherwise indicated.
Effect of PCS on respiration and glycolysis using the normal manometric techniques was conducted2) and the results are given in Fig. 1 and its legend. Next, the effects of the drug on de novo synthesis of nucleic acids and proteins of the bacterial cells were investigated in presence of the corresponding tagged intermediates as described in legend to Fig. 2 . Subsequently, action of the drug on activities of aminoacyl-tRNA synthetases was explored using a fraction of ribosome-free supernatant (S-150) of E. coli 3' . The effect of PCS on the binding of labeled amino acids by the tRNA synthetase was then investigated; Table 1 and legend.
The possible action of the drug on the role played by ribosomes and their subunits was then investigated. Ribosomes and their subunits were obtained from cells sensitive to PCS and from cells that acquired resistance against the drug during successive transfers of the organism on media supplemented with increasing concentrations of the drug; from 0.6 ,ug/m1 to 250 ,ug/ml of media. It is assumed that any significant difference in response to PCS between the ribosomes obtained from sensitive bacteria and E. coli were grown overnight, washed with sterile saline solution and then suspended in M/15 phosphate buffer of pH 7.0. The reaction flask contained 1.0 ml of the bacterial suspension which contained ca. 14 mg of cellular material and the antibiotic at the MIC level. The total volume was made up to 3.0 ml with buffer. Glucose was used as substrate at a final concentration of 0.02 mg/ml. Incubation temperature was 30°C and the gas phase was pure nitrogen.
Carbon dioxide evolution was measured at 5-minute intervals. Cells of the bacterium were prepared as described in the text and were then suspended in fresh medium containing any of the following labeled compounds per 10 ml of culture media, 5.0,uCi of uridine, 5.0 pCi of thymidine and 2.5 pCi of lysine to trace their incorporation in RNA, DNA and proteins respectively. Incubation was resumed at 37°C for 5 minutes and then to half of the volume of each reaction fluid dioxane solution of PCS was added to attain the MIC level while to the second half an equal volume of dioxane without PCS was added. Incubation was resumed, samples were withdrawn at different time intervals and mixed with equal volumes of 5 % ice-cold TCA. Insoluble materials were collected on millipore membrane filter discs (pore size 0.45 µ), washed twice with ice cold TCA solution, rinsed with diethyl ether and finally counted in 10 ml scintillation liquid containing 6 g PPO and 0.49 g dimethyl-POPOP/liter toluene. VOL. XXXIII NO. 9
THE JOURNAL OF ANTIBIOTICS those from resistant cells will indicate the site of action of the drug. Preparation of ribosomal subunits (50 S, 30 S & 30 SP) and their reconstitution was carried out as described in detail elsewhere4,5,6) Ribosomes were initially separated into 30 S and 50 S fractions by dialysis against a low Mg++ concentration and were then purified by sucrose density gradient (5-20%) centrifugation. The 30 S subunits were dissociated further to 30 SP and 23 S core by centrifugation to equilibrium in 5.2 M CsCl solution with 0.04 M Mg++ and 2 x 10-4 M EDTA. The ribosomal subunits from sensitive and resistant cells were used in various combinations with poly U, poly A and poly C to trace the incorporation of labeled amino acids which were selected in such a way as to demonstrate miscoding effects. Experimental details and composition of the media are shown in legend to Table 2 .
The effect of PCS on the binding of (14C) phenylalanyl-tRNA to ribosomes and 30 S subunits of sensitive and resistant bacteria was subsequently investigated in the presence of poly U, poly A or poly C as described in legend to Table  3 .
Further study was carried out on the effect of PCS on protein synthesis via possible interference with peptide bond formation between peptidyltRNA on the peptidyl site (P site) and the AAtRNA on the amino-acyl site (A site) of the ribosomes. This reaction is known to be catalyzed by a peptidyl-transferase which is an integral part of the ribosomes7-11). To investigate such possible effect of PCS on peptide bond formation, the reaction of puromycin with N-acetylphenylalanyl-tRNA12,13) was allowed to proceed in the presence of PCS, GTP and G factor which translocates N-acetyl-phenylalanyl-tRNA from the ribosomal A site to the P site. Experimental details are given in legend to Table 4 .
Finally, effect of PCS on protein contents of E. coli and the approximate molecular weights of the cellular proteins were determined by gel filtration as described by ANDREWS14). The residual bacteriafree broths were analysed for their amino acid content using two-dimensional paper chromatography and the following developing solvent systems; butan-l-ol -acetic acid -water (18: 2: 5) as the first solvent and phenol solution (80% w/v) containing 0.015% of 8-hydroxyquinoline as the second solvent. The acetic acid portion of the first solvent was sometimes replaced by ammonia solution to allow better identification of some amino acids. 
Results
The results of Fig. 1 indicate that the drug did not exert a significant influence on the two metabolic channels (glycolysis or respiration) while the results of Fig. 2 demonstrate that protein synthesis was more sensitive to the drug than nucleic acid synthesis. Data of Table I could hardly indicate any discrete phosphate, 2 it moles; creatine phosphokinase, 50 jig; 14C-lysine (305 mCi/mM) 0.1 ill; 14C-glutamic acid (265 mCi,/mM) 0.1 fil; 14C-proline (255 mCi/mM) 0.1 p1; 14C-alanine (162 mCi/mM) 0.1 p1; MgCl2, 10 mm; NH4Cl, 50 mm; 2-mercaptoethanol, 6 mM and Tris-HCl, 10 mm at pH 7.4. Incubation was at 37°C for 30 minutes. Assessment of the rate of reactions was carried out as described in legend to Fig. 2 Basic reaction mixture contained/0.2 ml: 12.5 it moles Tris-HCl buffer of pH 7.4; 2.5 ,u moles magnesium acetate; 12.5 µ moles KCl; 1.51t moles B-mercaptoethanol; 10 jig poly U; 0.4 mg ribosomes; 25 It moles GTP and 48 jig N-acetyl 3H-Phe-tRNA (4,072 cpm).
Each reaction mixture was incubated with 100 jig puromycin in 0.04 ml of 2.5 % dimethyl formamide at 30°C for 6 minutes and with each of the following antibiotics: 100 jig fusidic acid; 12, 50 and 100 pg PCS.
Reactions were stopped by dropping the pH to 5.5 by acetate buffer and 1.5 ml ethyl acetate was then added. One ml of the ethyl acetate was placed on a planchet, evaporated and radioactivity was then determined.
*R: refers to ribosomes obtained from E . coli resistant to PCS. *S: refers to ribosomes obtained from E . coli sensitive to PCS. intermediates in de novo synthesis of proteins, DNA and RNA were rather feeble. Nevertheless, protein synthesis was the most sensitive to the drug and therefore exploration of a possible interference in some metabolic reactions that are involved in protein synthesis was carried out. The results of Table 1 concerning the effects of PCS on formation on aminoacyl-tRNA revealed feeble influences which are considered insufficient to show definite action of the drug on the activity of aminoacyl synthetases. Thereafter, the action of the drug on amino acid incorporation guided by polyhomonucleotides and ribosomes or their subunits obtained from sensitive and resistant bacteria was thoroughly examined (Table 2) . Whenever ribosomes and their subunits other than the 50 S were collected from bacteria sensitive to PCS considerable miscoding influence was exerted by the drug. Such effects were demonstrated as an appreciable inhibition by PCS of the incorporation of the amino acid coded by the polyhomonucleotide (right amino acid) and as stimulatory influences for incorporation of the wrong amino acids; those which were not coded for. The effect of PCS on 30 SP subunits of sensitive bacteria was more pronounced than on the 23 S core of the same origin. Furthermore, the miscoding effect of PCS on the incorporation of 14C-phenylalanyl-tRNA guided by poly A, poly U, and poly C was examined ( Table 3 ). The results indicate that the drug was only effective as a miscoding agent when the ribosomes and 30 S subunits were obtained from sensitive bacteria. The antibiotic gave marked stimulation to incorporation of the labeled phenylalanyl-tRNA guided by the wrong polyhomonucleotides; poly A and poly C; whereas inhibition was observed when poly U was involved in the reaction.
The analytical data of Fig. 3 concerning gel filtration of extracts of cellular proteins of E. coli treated with PCS indicate a greater abundance of low molecular weight fractions. Besides, more amino acids and ninhydrin-positive metabolites were detected in culture broths treated with PCS. Such abnormal protein constituents in cells treated with PCS might be expected to be lethal to the organism.
From the above results it is concluded that the 30 S subunit is the site of action of PCS on the ribosomes. Both 30 SP and 23 S subfractions were found sensitive to the antibiotic but the former was more sensitive. Since the binding of AA-tRNA to the 30 S subunit involves codon-anticodon interaction, it is concluded that PCS acts upon the 30 S subunit in such a way that disturb the coding mechanism. This anticipated influence would result in abnormal protein fractions which fail to offer a normal metabolic melee for normal bacterial growth.
